I N-SI TU REMOVAL OF SEM CONDUCTOR PROCESS RESI DUES FROM
DRY PUWMP SURFACES Cross Reference to Rel ated

wW@\pERi18mbs ons [ 0001] This application clai s tP€eT/US2008/005217
benefit of U S. Provisional Patent Application Serial
No. 60/926, 164 entitled "In-Situ Renoval of

f r : "\

N-BPFLIRERKGNA, 85“?}3@%?5%{%?&?%@ ERIpYE RO
her eby incorporatg refe ﬁ‘gg its entirety.
Field of the Invention [0002] The present invention
rel ates generally to the field of vacuum deposition
processi ng using process gases, and nore particularly,
to renoving a buildup of deposits fromthe process

Cross dtederenontd Relateds dppleationst dry vacuum punps used in a
vacuum processi ng system Brief Description of the

[0001]Dr awi ngkis[appldBitioRic@ims thesbeaeft afplisc &rovigpna Patenatipphcation
of a vacuum sem conduct or manufacturing process.

Serial NGOO#P2&N 64 etitl&l ‘An-SYitueh@ho el b€ PemsentadtbioProodss R esidues
system accordi ng to one enbodi nent of the invention.

from [ﬂr@%lp ShiBices’ hﬁad%n@&;’i‘x@l@i bB07T GRE ESREANUALT Qﬂicﬁfar@hereby
system accordi ng to anot hér enbodi nent of the

, Loventd e, L000el kG4 is a front elevation view of
HCOTP apr}} T Us used

ara rtﬁ"acti ci ng one enbodi nent of the
i nvention. [0007] FIG 5 is schematic diagram of a

coupling according to one enbodi nent

Field of the Invention

[0002] The present invention relates generally to the field of vacuum deposition
processing using process gases, and more particularly, to removing a buildup of deposits -
from the process gases on inner surfaces of dry vacuum pumps used in a vacuum

processing system.

Brief Description of the Drawings

[0003] FIG. 1 is a graphical representation of a vacuum semiconductor
manufacturing process.
[0004] FIG. 2 is a schematic representation of a system according to one

embodiment of the invention.
[0005] FIG. 3 is a schematic representation of a system according to another

embodiment of the invention.



of the invention. [0008] FIG 6 is a flow chart
depi cting a nmethod according to one enbodi nent of the
w0 poosnsisen. [0009] FIG 7 is an el ectron m cr oRCEPK2008/005217
showi ng deposits on a dry punp working surface.
Det ai | ed Description of the Invention [0010] The
[0006]P" esenf:lé.r}yﬁgtfir(ﬂﬂ e?e@g[i&?@l%gf 5% a@b%&%lu‘é'ﬂ o il{pSIE{PtYéngone
process residue coatings adherin 0 a éry unp
chanismin a sem conductor nmanufacturing process.
mnbm#ﬁgmﬁg#ﬁ%a“gﬂﬁmbpparatus of the invention are
especially applicable to processes where TDVA netal
[0007]5r ecur B¢ -9 s schrmmticribegipmpr acopBlorSacgpeling Eyoneenbrdiment
process chanber, resulting in adherent coatings with
of the givgniidi.cant organi c content being formed in the dry
punp nmechani sm The invention, however, is not limted
[0008]t O USEF M thishHREE crPERa RS a RBTodRYcR&Ind$€dné Bmbodiment of
processes where other netal organic precursors result
the inJeRtigh M | ar adherent coatings with significant organic
content. The inventor has devel oped an apparatus and

proces r eby tgose.coati are renoved b .
00091 P C e Fi6h S B B8R SuF SRl Y PRI Aot e waiine

the dry punp when the sem conductor process chanber is
surfacg.q) e, [ 0011] A system 200 according to the invention

is shown in FIG 2. Process gases 210 are introduced

into a process chanber 212 under vacuum

Sem conduct or manuf act uri ng processes use precursor
Detailgd Descripiidn abthedhabntdsrgani ¢ precursors and oxi di zers

to deposit netal oxides on a substrate. Two such
[0010]pr ocesTrsp@eent aivemnticn hddressed degsollemv{(t&hb)ingpocess residue

cheni cal vapor deposition (CVD). For exanple, hafnium
qoating)s)(ddﬂl@ring to a dry pump mechanism in a semiconductor manufacturing process.
The method and apparatus of the invention are especially applicable to processes where
TDMA metal precursors or TEMA metal precursors are used in the process chamber,
resulting in adherent coatings with significant organic content being formed in the dry
pump mechanism. The invention, however, is not limited to use with those processes,
and may be used in processes where other metal organic precursors result in similar
adherent coatings with significant organic content. The inventor has developed an
apparatus and process whereby those coatings are removed by injecting a dilute
hydrofluoric acid into the inlet of the dry pump when the semiconductor process chamber
is idle.

[0011] A system 200 according to the invention is shown in FIG. 2. Process

gases 210 are introduced into a process chamber 212 under vacuum. Semiconductor



ALD filnms are deposited on wafers using Tetrakis

di nmet hyl am no haf ni um (TDMAH) and ozone, or using
waedsakisss et hyl net hyl am no haf ni um ( TEMAH) aneCDESI068/005217

Met al or gani ¢ ALD processes such as those create, by

their nature, organic waste products frompartially

manutqgt‘flglﬂg %?(ft%sgeis %Q@@S CLtu]g@lt %‘{?gpﬁfgh‘g n@ﬁ]% An"?c {e%&%?soa 1§l

€ processes. GDOSI t FOCGSS

... genera ces ere n the nmet
OXK‘*ngsgtaﬁHGBO%tﬂ@s&}r@’a? B PRAGHRR) G Rhmsdno SR Enmipkyer
in an initial gas pulse, depositing a thin netal
depositigpd AL slediasy v iner gepepiaand Geh Farowergle heméum oxide
t hrough the chanber in a second pulse, formng the
ALD fietedre depabeted Gasvaitra sieingdeatkio nismethgiamido uaatume §ADBIAH)
t he chanber, and the secondary reaction products

and 0AABAENEd Tettaes &Ik mRHPamhb 0% thi @hJIBIMVEA MR ShEoRIRAUCE S
qui ckly build up deposits on the morklng surfaces of

Metald ?9%1\5_ :;ﬂe&g%s s{x&oéls?t]qo%erlh%'i ﬂétu‘roé' Qr&hpcc@§§t§ Broducts

eposition o
d th h d
from paﬁw@hfg Gengp e 1N IRP I elhe g}eﬁﬁlﬁgp%ﬁPﬁP{efrﬂss%ra@e
rains. The hafnium oxide grains are relati vel‘x har d,

Proceﬁse% TS AEDidepgsifian Processys |g9%erelém B¥? B16P PFOWI3VhaFFIn the
exenpl ary vacuum deposi tion process 100 i s shown

metal grareatrpawsdrys first Bp@ed thropgh theahampberciesw, initiaf gdsymlse,
oxide filnms are deposited on a substrate in an ALD

deposipingaeks thatal layeo ibweg tyhmrpingaed shegad®@sing bAonelibtdugkitlse
di met hyl am no haf ni um (TDMAH) and ozone, into the

chamtRf ACL &S0 PURE! forthihglthe nitAeRR. Chaphele rbaliont BEQALD
process produces a self-limting, sequential surface

downs‘&lg%rﬁ‘ (ﬁ{t d cﬁalﬁﬂ;er RaRL Ee%oﬁ@eﬂ%%eféﬁbﬁ BLJH’ufdslcgﬁdéHse in the dry

rraerlas onto substrates t ave vary
ons.

pump. ?Hg %iﬁrt%am% Wa tgg)% Zééuﬁfss,%u?fﬁdégﬁléu&’ da%osatg OE?EFD\IF‘JS%(IW% ﬂlé?aces
of the vacuum pump.

[0012] In the case of ALD processes used in the deposition of hafnium oxide, it is
believed that those waste products include an amorphous organic matrix containing
hafnium oxide grains. The hafnium oxide grains are relatively hard, resulting in a very
abrasive composite.

[0013] An exemplary vacuum deposition process 100 is shown schematically in
FIG. 1. In that process, hafnium oxide films are deposited on a substrate in an ALD
process by introducing the process gases 110, Tetrakis dimethylamino hafnium

(TDMAH) and ozone, into the process chamber. In the process chamber 120, the ALD

process produces a self-limiting, sequential surface chemistry that deposits conformal



process contain various organic and netallic
byproducts in vapor and solid form Those byproducts
worayshassgeposi t ed on functional surfaces of theCTHU$2008/005217
punp as they pass through that nechanism [0014] The
phot om crograph shown in FIG 7 depicts an enl arged
thin- ﬁﬂﬂ§ bt Iﬂﬁteﬂf\ls%n%ﬁﬁhSteﬁhaﬁmay mald W?Jn %ngﬁgi%oﬁg Bedfke the
The figure clear y shows § eposit has a
h'\fmum ere%ﬁés 1511%{' F§ Prse metfll mc% d&i%rsornat 3}132%21 QES% rﬂlgth%.
suggests that the dep05| grows" on seed nuc|.
processicOM@H YHIOUAEIEAY haeallic baﬁlqdw@s PUMPPY B 42 fgem. Those
both. Additional testing has al so suggested that the
byprodieposiy e deposited ge fyncipgalsiitfa¢as of @hqx?re pupoas3hePpasd drgugh
formed by gas phase nucl eation may accunul ate on
that mSeHahaees of the dry punp. Gas phase nucl eation results
fromreactions anong gas phase conmponents of the

[6014lexhaustrh9 BRotofiR3ubiabAgnd i 2 B0l TichRACK] @NaRERBYSHonioT 2

form ) hat pr oduct may accunul ate on surfaces
h
o OB S RS B g

surfaces in th xhaust ,path du hysi ca
has & e ARG DG I e PP Rt eeanE ot %ﬁ&gbﬂer The

nucl eati on or ot her phenomena. [0016] However they are
nodulgraretnsel of thelepepoisgestathpbihsdieposal feseys't tesqsd npeleheiie in

of the dry vacuum punp and ot her devices in the vacuum
the gapploase s on ghesysve saréach audovthp i dilitidion tesiagrhhseglsappgsitedthat

on the punping el enents of dry vacuum punps change the

the de@ésite@td Mezctyapaniefin bh@rpunpi ng el enents, degrading the
efficiency and effectiveness of the punp. The deposits

1SS, 2oy BB A B0 By AR s o
the drf‘ B&%Smda's‘ %hys%%%c%atlon results from reactions among gas phase components
of the exhaust gas, resulting in a solid reaction product in powder form. That product
may accumulate on surfaces with which it comes in contact. As used herein, the term
“deposit” shall mean solids accumulating on surfaces in the exhaust path due to any
physical mechanism, including film deposition, gas phase nucleation or other

phenomena.

[0016] However they are formed, the deposits adversely affect the performance of
the dry vacuum pump and other devices in the vacuum processing system exhaust path.
For example, deposits on the pumping elements of dry vacuum pumps change the

effective shape of the pumping elements, degrading the efficiency and effectiveness of

the pump. The deposits can also cause premature wear and failure.



foreline 215 connecting the process chanber 212 with a
dry vacuum punp 230. Dry" vacuum punps greatly reduce
worooslidasphat e oil contam nation and the need fPeT/UB200816805217
traps and filters, all of which are characteristics of
oil-sealed rotary vacuun1punps Recent inprovenents in

[001 7]h ave mor ﬁlggtéggp é ?Qphﬁg g ﬁﬁ ngutgqln F?lgaélts nR/"Fth %{ th%osafgtém mgl uﬂgg 2°

applications. s now offer a | ower cost 33

foreling\ah & cemigsting élmewsa nf@ﬂb@‘ 318 weith f*rﬂﬁh‘f"@ﬁamélmlhg%sé&fy’

oil to dispose of, no filters or oil to change, and no
vacuumipuntps irehtly iedul ceaahlmpate p0Ge8hmimtaddinditheintad adudm
deposition processes, dry punps are also well suited

traps ah@ rﬁldegaglll @P hedradrb engractbrians bebil abasb edtary vatitol gyps.
tool s waf er inspection tools, nass

'Recemfs Qrfp?{%{;é?ﬁ&{t/?fnscon r@&ﬁd'xloﬂtl%ghﬁg) %eﬁ)tlal ahd. &%t dRapERSade

acuum process Dry vacuum punps

S e R A

oviner giig Redhs é%gqplrsi«?’\?%&%@p@q»?%?eaﬁé‘%' i Gt 38 o Tk B
requi renents are frequently used in chen1ca| vapor

to changpasd 0o on r@s@tt[@)toamnamom c layer deposition (ALD)
processes, where contani nation nust be held to a

[0018]mi ni MU add@tioretcanplnen ddpysiv@cpromespesydsy purepusedisonvelhaiited
deposi tion of hafnium oxide ALD filns using Tetrakis

for 1oaqlcm%tchyﬂ19&‘s N@ary@dr th kb &5 DD loan bz @NE, wafkelimpectioaadols,
in the deposition of haf ni um oxi de ALD filns usi ng

mass s?g%lizcgﬁét%e eélgé’t W&s@%&ﬁ" DR RIS AEMN; AN da Qe rocess

Vera y vac punp configurations are

RS G  TRA PP B 0 oo
Torr and exhaust to atmospheric or nearly atmospheric pressure.

[0019] Reliable dry vacuum pumps with low cost of ownership and maintenance
requirements are frequently used in chemical vapor deposition (CVD) and atomic layer
deposition (ALD) processes, where contamination must be held to a minimum. For
example, dry vacuum pumps are used in the deposition of hafnium oxide ALD films
using Tetrakis dimethylamino hafnium (TDMAH) and ozone, and are used in the
deposition of hafnium oxide ALD films using Tetrakis ethylmethylamino hafnium
(TEMAH) and ozone.

{0020} Several dry vacuum pump configurations are available for producing and

maintaining a high vacuaum. Roots vacuum pumps and hook and claw vacuum pumps

include two precisely machined rotors that rotate with equal speed in opposite directions,



i nclude two precisely machined rotors that rotate wth
equal speed in opposite directions,trapping gas in an
wezanssoporti on of the casing and forcing it POCI/ER2008/005217
exhaust port. Roots and hook and cl aw vacuum punps are
used as primary vacuum punps and as backi ng punps.
. O her. classes of dry_.vacuum punps include scroll punps
trapping,gaRHf &R eyRAIst porgomaf ﬁ@éﬂa&ﬁgﬁﬂcr'r?@'%ea\}%ﬁc@o& AYS agﬁ- Rogts
punp by an orbiting rotor, and screw punps wherein one
and hogk ang pé»\héaqu@m pUngsoire ugadeasrigtnaary  agyina BvaAg andyassbacking
t hrough the punp. [0021] While oil -seal ed punps
pumpsl. Mhevdaseadbf @ffvachi eneps imilide soidll ponps, irlswhah gas in a
avai l abl e to seal the chanber of a dry vacuum punp.
helicall 28 R3@wactied tRINBh HRBNSHY 8h Yt gMskdH MdddAdy pumps,
relatively small "cl earances between nobvi ng conponents.
~rhat ¢ I St i t
whereif 1 of BRLPBRGH PHLR 120l B ARAn R AR R B B
wast e oduct s, ich can cause rapj.d wear.and eyen
100211 orree BHGIECH Satef Gfths TR G a0 BRBASR it S ot
_inlet may comunicate directly with the process
availallp sordrat therchampecefmiiyivagrenpuprr. dnyeas desPwhRABBEnsx el on
through a foreline 215 as shown in FIG 2. The
maintdiong ¢l atevahaymall oleasxegsdiety edvemavipg pemppogntsl . Bhatgbimesteristic
to 6 inches in diameter, and up to about 60 feet |ong.
of dry Puiti€ iakeP (HeaEBSId WsSapsibRNbekd depbitioatoll adigs et prycess waste
i ncludes an abatenment system for reclaimng, renoving

produd, WIREH £l LAk pYRHEAUS dCQER BRSIH:Sre RhtabhpHeX AL,
[06023] In the furnace applications used in ALD

[()022]pr oc esgi &9 gﬁéxlgre}gf;ei)quxk/:cc?%l%\gn%ggg%ec?lé/é? gx% éﬁ?r@c&ss chamber or

di anet er,

foreline shutoff valve 229 is capable .of al i the

may CRERRA DL ST BEm 554 214 s 1 5 2= 38vh 1 FIG.
during the punp cleaning process described bel ow.

2. Thg tyudisje mawglr eemplg bga Mpefiem Lisindeato inshenindhaneter, and
liquid acid through a

up to about 60 feet long. A vacuum processing system exhaust path normally includes an

abatement system for reclaiming, removing or neutralizing various components of the
exhaust.

[0023] In the furnace applications used in ALD processing, the foreline is about 6
inches in diameter, and may be from 5 to 60 feet long. A foreline shutoff valve 229 is
capable of sealing the vacuum process chamber 212 from the foreline 215 during the
pump cleaning process described below.

[0024] A source 213 of hydrofluoric acid provides liquid acid through a
hydrofluoric acid supply line 220 to the foreline 215. A valve 214 or liquid flow

controller controls the flow of hydrofluoric acid into the foreline.



hydrofl uoric acid supply line 220 to the foreline 215.
A valve 214 or liquid flow controller controls the

wo b@s/18889%1ydr of l uoric acid into the foreline. 1IPORE20081005217
the preferred enbodi mrent shown, the supply |ine 220
termnates in a nozzle 216 oriented in a direction

[po2sPar al | gf thghmm,fré PYhb Ui hRE SR%8 Sy @?;m@@%ofﬂ&%ﬁhﬁes ina

. C
i ncl udes orifice having a di anet in the range of

vorn SRt gt Bt OR ML BGP I8 el B B LS SRh o

. mcrons in dianmeter. The valve or liquid flow ]

includgio praacdrvInEs dageiss o ednhen ofrbai Mhemisease 194@ migrgns.
shown in FIG 2, or the valve and nozzle may be

In a currehdgpadferrfdORBdiDichu tlee nazglei atiflogds 223 maerpies iaglianeter. The
energing fromthe nozzle 216 inpinges directly on the

valve QAtqusdi fib ACRauoflet g 1Hayby aaina POPhBezzA¢2l & apstidwaes
The vapori zed hydrofl uoric acid dissolves or otherw se

FIG. 2 Extt%_%@ﬁfv% A0 np8AE iy Weliftefgani ¢ and other deposits on
the inner surfaces of the dry vacuum punp to renove

t h its T ; . i .
e o N R R e e
et b3 UL LS VSRS . i aporse

renovi ng the nodul ar deposits fornmed in the dry punp
hydroflepriopgt ﬁissxﬂwsp}r@é@g‘g;se|i1pteta§tst§§|r¢@\t;se\@1th REganicrpad other

consi derabl e surface area of the deposit, shown in the
deposiéd @cthedmenisarfags ap theafry Fh@uny pummp ke senidvesheealspphise The

certain etchants. [0028] The aqueous hydrofluoric acid

remove® 86pdsits hRxph@santhrdUphebhicaient &qepnsitdS0abhimdsphere. i n
cost than other sources of ionic fluorine. Further,

[0027] N€ CO%he H{vehlgg Pss%hﬁm‘{ dH8RAqhdbus NG dRIcERBR acid is

i nvention to Iver the hydrofluori¢ acid to the dry
pric Bl SETFSFTTEL e 0 DO 503 B SRS o
ALD psrl()lg]ss.a?t ig ggliiggs rt]lgat lflhseecdonisfgielpalifeastuirgge greg lo?ﬁlrcraadeposit, shown in
the electron micrograph of FIG. 7, makes it susceptible to certain etchants.

[0028] The aqueous hydrofluoric acid used in the present invention is
considerably lower in cost than other sources of ionic fluorine. Further, the cost of the
equipment used in the present invention to deliver the hydrofluoric acid to the dry pump
is considerably less than the cost of equipment used in delivering alterative fluorine ion
sources, such as equipment used in creating a plasma.

[0029] To direct the nozzle 216 in a direction parallel with the foreline 215, and

thereby entrain the liquid on hot surfaces of the dry pump, the line 220 may have a 90°

bend 222 as shown in FIG. 2. A removable flange or spool piece 221 stabilizes the line



[0029] To direct the nozzle 216 in a direction
parallel with the foreline 215, and thereby entrain

wo b@shia3es d on hot surfaces of the dry punp, tPET/UBI968/005217
220 may have a 90 bend 222 as shown in FIG 2. A
renmovabl e fl ange or spool piece 221 stabilizes the

| ne220 wit h.res to the foreline 2 15. 5 and .

220 wih 5P BRI ot oS St fepl R n Qpige sea.
mefaredeMdemnttheflm1eisremwﬂ% f,om%

In a prgfsrgedjembodeney, beiflgage pRempwle B HROTE Hhi EOL‘FLPC- he port
operation without the hydrofluoric acid supply line

can beasadled dazdperatjod0gdjouT He hysleofbforicheidowppl vi linestndfrgezle.
i ntroduci ng the aqueous hydrofluoric acid elimnates

[0030]t he negHe higy ofahs paap ahikyfoe pnsidutingeke aprpuhRMdrofgug@tr dcsd
in the punp housing for delivering the fluid. The

elimingt][ég?r[y ed 165 %e%&ﬂyf ebed: | Hﬁtpluhﬁﬁhd\rﬂﬁgeﬁ&?é ixﬁﬁ’@ﬁgﬂﬁ RbSsing

e punp are thoroughly cleaned by injectin
L hydrof]ugric -aci.d int e forel|
or e RS B P e 8 PR T TRy e
To prevent ice crystals framformng .in the rapidl
pump érﬁﬁgﬁwa y {5385 6fnJthw@ifw9‘Fﬂf[ﬂD&ﬂaa i tbsi?%feﬁ&‘om%ﬁﬁ@n of

nozzl e 216, nitrogen froma nitrogen source 219 may be
the puinpj asgrjeeted dire¢ity by dkiptap22Bt.upst r eam or downst r eam of
the nozzle 216 to increase pressure. For exanple, in a
[0031]f or el i e phavehnige aryprabciem fopeingtin i ppidssenpanding stream of
approximately 0.005 Torr, nitrogen may be i njected,
liquid hpgroBasHodcill Fonp ARSRULR 216, hiebyaefiof). alniaBgerbduf@ 719 may be
and preferably to about 40 Torr. Injection of the

injectdd%fl rugé fot Qe 18GIpdirBRY 0PI ARAR dhE BbSFe 3 NEIoRREIYT €
to, for exanple, about 44 Torr. [0032] The dry vacuum

u nmay._have a verl ti . t
e A R T

i.ncrea essure. The overl ogd prot.ection system na
approXBRED PGS 196 BN G R R BPIRHGE eGP © elveen

injection of nitrogen and hydrofluoric acid, and may

|
0.1 and QJB Stoamand preferglyrte abeuttdel unneghier @t thepdreffuoric acid may

additionally raise the pressure to, for example, about 44 Torr.

[0032] The dry vacuum pump may have an overload protection system that
decreases pump speed upon sensing an increased load or increased pressure. The
overload protection system may sense the increased pressure resulting from the injection
of nitrogen and hydrofluoric acid, and may substantially decrease the pump speed, further
increasing pressure in the pump and foreline to 100 Torr, and possibly up to 400 Torr. In

that case, the cleaning takes place at a low pump speed and increased pressure.



i ncreasing pressure in the punp and foreline to 100

Torr, and possibly up to 400 Torr. In that case, the
web®@anssgs t akes place at a | ow punp speed and POT/USAOLS217

pressure.[0033J In an alternative enbodi nent the nmass

flow rate of vaporized hydrofluoric acid is adjusted

that the inlet pressure to the dry
00337 ¢ he 1y ihglerhy s BHSSHTGH, HRghas Rkt viRg
operati on. (£0034] I n anot her enbodi nent of the
hydroflperehadid s, adjesied wor al the mIptpressaredeithe diyraghiingump is in the
m nimzed by vaporizing the liquid before it enters
range fiben G10Z&dreto F0 Torr Bushgugeratigyst em accordi ng to that
enbodi ment, with corresponding elements fromFI G 2
[0034havi ng e blﬁﬂﬁé}tenﬂwafhﬁér& of tigd i@Rreittondide Yo kPionAn igPid E@gam
323 is placed in the supply line 320 to vapori ze the

is mmnxglé@fbg';{ﬁ%dl?zoﬁéthq lfcﬁlméfgffe i? E‘Iﬁ@{ﬁf%%fxdz%l@elf@ 8 s'has a syetell1

enters I ne 315. The uoric acid is

accorcg%&}]t;ha{) iﬁx}? 13&'5 gvs cg)?rleg]g)él%u%ieefel{)g %fllognggfg Z(havmg element

rof luoric acid may be introduced ipto the forellne
numbqrﬁ m@tﬁerae%ﬁp% érvagp%?ré% i$ praggd ‘(“rfg? SYRbWHRe 8¢
ot her neans. [0035] Alternatively, the liquid
vaporigg trediyduofluasicasidiiromythe suppln Al  befornyit eitersibe fareling $kJ. f The
when it is introduced into the foreline. [0036] A
hydrofiodid gcid & prefdbly shymwized nsinp @ hedtingr@ymbet (weeschotwm) in the
manual 'y or automatically inplenent the nmethods of the

vaporizBVEIY. I Db vapbAz &Rl fdrdSudtifed Ak Ye antemRCES itd (Hebretingh
Purity Chem cal Transfer System avail abl e from Edwards

througghherqﬂz%géoori'\é?lrgﬁg E (i thshANod t&l%?&ﬂﬁs sen, M\. The

es a contai ner 4 ydrofluoric

cid. The a concetra
l0035fn The ?e&ailgglynﬁ%.lwa dp Bt o i sy 2o by i owste
ternatlvg the, a n the contalner 430 may be at
itself whey Y peintrogpeedriptodhe e]é%e avai l abl e commercially. In

that case, water is added to the
[0036] A mobile cart 400, shown in FIG. 4, may be used to manually or

automatically implement the methods of the invention. The cart is preferably a
Smartcart™ High Purity Chemical Transfer System available from Edwards Chemical
Management Division of Chanhassen, MN. The cart 400 includes a container 430 of
hydrofluoric acid. The acid may be at the concentration to be used in the process, which
is about 0.1% to 20% by volume. Alternatively, the acid in the container 430 may be at a
higher concentration as available commercially. In that case, water is added to the
hydrofluoric acid to dilute the acid to the proper concentration for use in the present
method. The container 430 may be a NowPAK® chemical supply container available

from ATMI Packaging, Inc. of Minneapolis, MN.



hydrofluoric acid to dilute the acid to the proper
concentration for use in the present nethod. The
w@oemwsasses 430 may be a NowPAK(r) chem cal suppt®/US2008/005217
cont ai ner avail able from ATM Packagi ng, Inc. of
M nneapolis, MN\.[0037] The cart 400 al so includes a
val ve X 4 cont ol Ii thefl w_of h ori
00378 7 2BR s a e RIS bR D BBl Ihgt%g
wn in detail in FIG 5. A valve 510 in the va
hydlofiwq aci¢ ofpwckd 1P dheav i B eisegoualinga. showp |nh§et512@n FIG.
doubl e cont ai nnent tubing 525, a sealing flange 530
5. Aviahad Udi inghawal @ bong c(ono«tctghtmvmc)mﬂ)dﬁ cannaett fnging 32@ndbuble
sealing with the foreline, and a nozzle 540. A 90 bend
contaifufedit SRR 5| Dsdalifg FlaREd§B AincR@ITY arDSSingEYodiHoeE!) féhe
nozzle 540 in a direction perpendicular to the flange

conneétﬁlgotf)'aﬁmseatlnl% \Wme%@ﬁnéh&m id3zfel 30, 24 o@aradl Bbt M gwa) in

foreline. 0038 The ‘doubl e contai nnment "t ubi ng

the tubqgog at pho&cltl Sej)gl "’tf)'%!f 1rec 4%)&9?6 554t001¥1e€1dd1160%01} P I“Pnel%dé otﬁart t\gQI?e

use AVC MOVE
t ool ut a manuf act r|n fac to perform
angett%ﬂﬁ%&th e %?élowweﬁ& A e mlﬁhl tb? ?%hry dry
0039] A controller 225 (FIG 2) may be

[0038]| ncor pTSLgﬂ@@lﬁ RonthiamsneIbig T2dvent b@ﬂetlblemndp@w e stored on

sequence events in the process. The controller 225
a spoot é¥imwhex adteis use.t The bet p0@orgdeaharddron? iad! ar tosd thaowhout a
separate process chanber controller (not shown). The

manufBQOiAS Fcalty TR PerdrBOtHe AReTHE 68¢he iehbodh BE a\pRlrYEtyZ2¥4rpnd
with the n| trogen supply 219. The controller 225 has

pumpsCCess to conputer-readabl e nedia contai ning
i nstructions that, mhen execut ed, perforn1a series of

[0039]St eps gscoxslggﬁmr 22% 6& ns t hoﬁ 1@1(():8 %rated in ta 8??5%@ él.)vengon to

controller ascer oceSS|n
e or that prqcessin the has term nated
proper] IeGSHSET) Cha R e i 'aJtrR‘ﬁ PR F4S TIRoBIcasniG (e
steps. The foreline
process chamber 212 or with a separate process chamber controller (not shown). The

controller may also communicate with the valve 214 and with the nitrogen supply 219.
The controller 225 has access to computer-readable media containing instructions that,
when executed, perform a series of steps as shown in the method 600 of FIG. 6. The
controller ascertains that the processing chamber is idle or that processing in the chamber
has terminated (step 610) before initiating the dry pump cleaning steps. The foreline
shutoff valve 229 may then be closed (step 615) to prevent the hydrofluoric acid from
contaminating the process chamber. A flow of nitrogen may then be introduced (step

620) into the foreline. In one embodiment, the flow of hydrofluoric acid is vaporized
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shut of f val ve 229 nmay then be cl osed (step 615) to
prevent the hydrofluoric acid fromcontam nating the
w@e@sasmsothanber. A flow of nitrogen nay then BET/US2008/005217
i ntroduced (step 620) into the foreline. In one
enbodi nent, the flow of hydrofluoric acid is
vapori zed step 630 it ers the Th
(step GRPDIF(BTe PYBIFORIGOMIAS bl of Ra P oo Bg dul R aced
640) into the inlet of the dry punp by opening the
(step 6¢@) mgo thelinlef Bf i@3e dpy puppbyEpemine ths el v ¢ Urg@ﬁl@ g}:
source 2 13. the valve 2 14, the supply line 220 and
[0040]0t her @BEsbedraflectiegud pownt 2 51 ohmvalne Fl4GthEsupaly lnee 1eahd
ina facility having nultiple process chanbers,
other ascEdtkd @c?u@ﬁ‘l@ntdél%w\’xaﬁ lI“F@ PHIWDe ubBeinNW LRty HO¥ihE nAdtisle

source nay be a central pernanently nmount ed device in

procesg ¢ uﬁ%nég T tloi e\fme%1 %ycl 5\9 é{)tll] RETHE H?ﬂyoﬁgoﬁg a&@%@#&é nfhy

orellnes. gur at ermt

relatively | ow cost . h fluorlc

be a cyfigh et eaflye%}néefuiavﬁ% o ﬁa?f@v Jotiigeuge? Hdahahe 1o
central controller simlar to the controller 225 nay

each of amumdbier phtorelineanThy copbipwatipp pemntsiherelathe! yioy -ﬁ?ﬁ%ﬁ@ply
operating valves simlar to the valve 214 for each

of hydsafhpir dcide.a §l06dity offteelsfusmegoiinge Betraé peeridedcrenstli on
and acconpanyi ng figures are to be understood as being

control1Br §MEIAY td BS REEtkolidr ROS hiaAtdoviaohihe cxeimglcaclys fdiwhcnof the dry
restrictive, and the scope of the invention disclosed

pumpét? EE@Ha %%al@% sﬁn‘?lapﬁ) et arenadof éa@ﬂ‘sﬁﬂﬁy Bgscription of

ntion, r at her fron1the ains as

[004111.t Eteegg?‘glﬁt?orlegclﬁg 'taQI%dtlfesEJ?&lcfn d &ﬁgﬁrg'yrgf; %r&gﬁgtmﬂe

or exanple

descri bed jn connecti with removing d sits of
undersgpeghen oty "ﬁ‘éfya’ieéﬁ’f’gféﬂr‘t?“ﬁ%er W@Pﬁaﬂ ARG Rt nd
processes from vacuumdry p t he syst
the scegfenefi the i epeondiselopas heéﬁw%n%ﬁ t?an Sdetepyingd g@&b&“@ Description
created in other processes. It is to be understood
of the fllnadntibhebe mitbeli fremitise €hown asimtiergeeset dogerditgtodhe fudk kreadth
only illustrative of the principles of the present
permift&V By tHeQtatent laws. For example, while the system is described in connection

with removing deposits of the organic and metalorganic byproducts of ALD and CVD
processes from vacuum dry pumps, the system may similarly be used to remove similar
by products created in other processes. It is to be understood that the embodiments
shown and described herein are only illustrative of the principles of the present invention
and that various modifications may be implemented by those skilled in the art without

departing from the scope and spirit of the invention.
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and that various nodifications may be inplenented by
those skilled in the art wi thout departing fromthe
waewpasmpdl spirit of the invention. What is cl aP@BUS1088/005217
1. A systemfor renoving process residues froma dry
vacuum punp having an inlet connected to a processing
\qmt&Q9pRga ghrough a vacuum exhaust path the system
S|ng an injection nozzle positioned for
|ntrodu0|ng a fluid |nto the inlet of the dry vacuum

uor
Phe et BeReHs R ety My i f A SRR i Bving an
nozzl e; and a val ve positioned betwee the sougce of
inlet cwy@pt@mta@rﬂl@ceamcéfmbetrrﬁleovelp BUEGUID FEPYPiPalythe system
regul ating a flow of hydrofluoric acid through the
comprisnjgecti on nozzle. 2. The systemof claim1, further
conprising: a controller for controlling at |east the

val MfectiBfl nbhge poatessl fogimthantieg a fluieirtorterialet ef the dry
openlng the valve only when the processing chanber is

meuhghﬁ . The systemof claim1l, wherein the injection
noz ?é is oriented to direct a spray toward the dry

I
Vag%oﬂugcr:re] éia%r?uonc zhlcf'é/ e fo Bledl @:t}(m yie eetb@ﬁqhg

rrses an Ion ate ore
nd. t he |n ecti zzIe is oriented to direct a spray
hymoé% ifcid fod ﬁpPﬂg’ ﬁ axis of the foreline 5. The
systen1of cIa|n11 further conpr|5|ng vapori zer
coralee pesitipead heapen e serene W?%W%%qué %fgihé IpgstiTe
the acid enters
nozzle for regulating a flow of hydrofluoric acid through the injection nozzle.

2. The system of claim 1, further comprising:
a controller for controlling at least the valve and the processing chamber, the

controller opening the valve only when the processing chamber is idle.

3. The system of claim 1, wherein the injection nozzle is oriented to direct a

spray toward the dry vacuum pump.

4.  The system of claim 1, wherein the vacuum exhaust path comprises an
elongate foreline, and the injection nozzle is oriented to direct a spray along a

longitudinal axis of the foreline.

5.  The system of claim 1, further comprising:
a vaporizer connected for vaporizing the hydrofluoric acid before the acid enters

the injection nozzle.
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the injection nozzle.6. The systemof claim1, wherein
the source of hydrofluoric acid supplies acid that is
wa@lrdostzssph the range of 0 .1% to 20% by vol unePCTUS20h&005217
systemof claim1, wherein the source of hydrofluoric
acid supplies the acid to forma mass flow rate of
vapori zed hydrofluoric acid fromthe nozzle to
intain the inlet of the vactl . . :
reasTitssrratiudin Cor i thdsoiBf RS it ppgpies aci
~claim1, further conprising: a neutral gas source
that is ddnisan tlairangs of K Yol@ZO"nEY ZONER ral gas into the
vacuum exhaust path. 9. The system of claim8, wherein
the neutral gas source is a nitrogen source. 10. The
sy.st éhhexfysehapfel@m Whehepin théeoudes/olpsiso fluprtcasid supplies the
conprises an overload control system and wherein
acid td fotrh Qdu&dsi fyw gite bheapoeiued BYdrgfsoranatid frenhihd moftleos inmintain
acid causes the overload control systemto reduce a
the inlaﬁﬁqge afy JdBudponHAR: préssurelb¥@ et sdren &f seiraim 1,
erel n 't he vacuum exhaust path conprises a foreline,
and the injection nozzle is positioned in the foreline

a ' i t,of the dry vacuum
g%npfﬂ%%gg$ﬁggi§?@gkggph%ﬁgwﬂ¥lfmgherein the injection
nozzle is positione the inlet of .the dr acuum
g SR e APBRr e o e i T Bt L
hydrofluoric acid is connected to a plurality of

exhaustplbict i on nozzles for introducing fluid into a

plurality of dry vacuum punps.. 14. The system of

claim1, further conprising: a port in the vacuum
ekxhauBhe gyatem ofggigim 8, wherein the neutral gas source is a nitrogen source.

10. The system of claim 8, wherein the dry pump further comprises an overload
control system, and wherein introduction of the neutral gas and the hydrofluoric acid

causes the overload control system to reduce a speed of the dry pump.

11. The system of claim 1, wherein the vacuum exhaust path comprises a
foreline, and the injection nozzle is positioned in the foreline at a point upstream of the

inlet of the dry vacuum pump.

12. The system of claim 1, wherein the injection nozzle is positioned at the inlet

of the dry vacuum pump.
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(8]

a flange supporting the nozzle, the flange being
renoveabl y connected to the port. 15. A nethod for

WO 2008M133895 process residues from surfaces of a BPECHURNF005217
operating to evacuate a vacuum process chanber in
whi ch deposition processes are conducted, the vacuum
process chanber being i dl e between deposition

processes, the_ d bei ng connected to the vacuum
phocekhe whbefcl iumr gu&w%}n\i% s exiHidse flyoatcrciq ygonnected
met hod conprising the step of: when the vacuum process

to a plohbisbel injestiow hegzldsrbr mtwdibaige dlufd o opluagueolidry vacuum
hydrofluoric acid into an inlet of the dry punp,

pumpsaiher eby process residues are renoved from surfaces of
the dry punp. 16. The nethod of claim15, further
conprising the step of: introducing a flow of nitrogen

| 14 0 il \é@ﬁpmlﬁﬁhP%Ptheljc%mp-mﬁlg”m hod of claim 16,
wher ei n the [ ow of 'nitrogen increases a pressure at

t he i nl th o between 0.1 and 50 Torr,
an%o%eﬁlm %g%‘ﬁ %‘(Qﬁl‘%to’%qu tdher conprises the step of:

cing an operatin eed of the d f
b rassarpneng ot M et bringrege Vel By ptin 15 pon

bet ween 100 and 400 Torr.18. The nethod of cl ai m 15,
wherein the step of introducing the flow of

hiRdr oh PRRSh < 05 EMROYIRE BrogRss IRFIdhesgfom [ taiey oy pump

further conprises: introducing liquid hydrofluoric
operatangtd evatuate hreacknaupravess kharsberpathiehpdaposision pfocehrss penp

inlet. 19. The nethod of claim 18, wherein the liquid
condubtydrtaé bbarnincp@eesd chsmbeat edticibdbdtveen ddpesiviaa pusaesses, the dry

exhaust path through a nozzle directed to entrain the
pump béifHicHnkBeedab lidvdceum process chamber through a vacuum exhaust path,
the method comprising the step of:

when the vacuum process chamber is idle, introducing a flow of aqueous

hydrofluoric acid into an inlet of the dry pump, whereby process residues are removed

from surfaces of the dry pump.

16. The method of claim 15, further comprising the step of:

introducing a flow of nitrogen into the vacuum exhaust.

17. The method of claim 16, wherein the flow of nitrogen increases a pressure at
the inlet of the dry pump to between 0.1 and 50 Torr, and wherein the method further
comprises the step of:

reducing an operating speed of the dry pump to further increase the pressure at the

inlet of the dry pump to between 100 and 400 Torr.
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acid on internal conponents of the dry punp. 20. The

met hod of claim 15, further conprising the step of:
woapensshg a flow of |iquid hydrofluoric aci dP@lUS2008/005217

addi ng heat; and introducing the vaporized

hydrofl uoric acid into a nozzle upstreamof the dry

punp inlet. 2 1. The nethod of claim 15, wherein the

step .of introducing a f|low of hydrofluoric acid into
SHEP afkemapof REELRY 13 b SEliriReeb ot fe ol e
controlling a valve to neter a flow of hydrofluoric
hydrofhgirig. ackpintor e imeltoh dlee G peinal frths: capipisesn t he step of
introducing a flow of hydrofluoric acid into an inlet
ofntrbthecidg Viqpidriydfafhiohie racielanmr the @scuunt exddust fragh upstream of the
hydrofluoric acid that is dilute in the range of 0.1%
pump §2et20% by vol une. 23. The method of claim 15, wherein
the step of introducing a flow of hydrofluoric acid
into an inlet of the dry punp further conprises
LA Oﬂ%clh@t%?}{ P Lfal f q@hxﬂ&gm eliigsi_dwd%mrﬂ‘o%m 2 ifRRficed
flo ydroflu e

w rate of vapori zed ric’acid froma nozz

mto the ZadBi e s LT hof PEoBteri PR T Ry Bapgiooni
. of claim15, wherein the step of introducing a flow of
acid omyHeraal cpappeasiod thedy PR nl et of the dry punp
further conprises introducing the hydrofluoric acid
into the vacuum exhaust path upstream of the inlet of
tHe dFie mahadef laip.1 52Birthpheompinegthsmstepiofi m 15,
wherein the step of introducing a flow of hydrofluoric
acdaparizintgn Bow iofi ligtiddfydtdfodicyacplrgpadding Ieat; andnpri ses
i ntroduci ng the hydrofluoric acid at the inlet of the
dinyrodadi i M ePkipBrized hydrofluoric acid into a nozzle upstream of the dry

pump inlet.

21. The method of claim 15, wherein the step of introducing a flow of
hydrofluoric acid into an inlet of the dry pump further comprises:

controlling a valve to meter a flow of hydrofluoric acid.

22. The method of claim 15, wherein the step of introducing a flow of
hydrofluoric acid into an inlet of the dry pump further comprises introducing hydrofluoric

acid that is dilute in the range of 0.1% to 20% by volume.

23. The method of claim 15, wherein the step of introducing a flow of

hydrofluoric acid into an inlet of the dry pump further comprises introducing vaporized

15



26. The nethod of claim 15, wherein the step of
introducing a flow of hydrofluoric acid into an inlet

wo@tooshassgs y punp further conprises introduci ngp€esSioh® 005217
into inlets of a plurality of dry vacuum punps. 27.

The method of claim15, wherein the deposition process
rlsesthe deposi tion of haf ni de. Al [
11}’f|10ﬂ}§3irlr‘ggj‘crﬁetf’r AR & TS AR ROV lW’iL%)% é{h{’jﬂ“s“ozzle

ozone. 28. The nethod of claim 15, wherein the
to maintejpabe tilor fphodesgicoonmpuingey atphessaspgdietvesm bf tha® Apum
oxide ALD filns using Tetrakis ethyl nmethylam no
haf ni um (TEMAH) and ozone.
24. The method of claim 13, wherein the step of introducing a flow of

hydrofluoric acid into an inlet of the dry pump further comprises introducing the

hydrofluoric acid into the vacuum exhaust path upstream of the inlet of the dry vacuum

pump.

25. The method of claim 15, wherein the step of introducing a flow of
hydrofluoric acid into an inlet of the dry pump further comprises introducing the

hydrofluoric acid at the inlet of the dry vacuum pump.

26. The method of claim 15, wherein the step of introducing a flow of
hydrofluoric acid into an inlet of the dry pump further comprises introducing the flow

into inlets of a plurality of dry vacuum pumps.

27. The method of claim 15, wherein the deposition process comprises the
deposition of hafnium oxide ALD films using Tetrakis dimethylamino hafnium

(TDMAH) and ozone.

28. The method of claim 15, wherein the deposition process comprises the
deposition of hafnium oxide ALD films using Tetrakis ethylmethylamino hafnium

(TEMAH) and ozone.
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